Abstract -The aim of this study was to summarize studies examining the prevalence of sedentary behavior among Brazilian children and adolescents. A systematic review conducted on eight databases (PubMed, Scopus, Web of Science, LILACS, SPORTDiscus, BIREME, Scielo, and Google Scholar). The criteria applied were: original research; samples including Brazilian children and adolescents; to be a school-or population-based survey; observational studies using different measures of sedentary behavior; studies showing the prevalence of at least one component of sedentary behavior. Of the 205 studies included, 104 were analyzed. There was a greater concentration of studies in the southern (n=41) and northeastern (n=18) regions. The components more frequently investigated were watching TV (n=36) and screen time (n=32). Only three studies included children under seven years, and the age range more investigated was 10 to 19 years. Most of the studies used a self-reported questionnaire and showed variability in the cut-off point applied (from 2 to 4 hours/day). The prevalence of adolescents who met recommendations ranged from 9.4% to 68.0% for sedentary behavior (<2 hours/day) and from 16.8% to 67.2% for TV viewing (<2 hours/day). The prevalence ranged from 39.1% to 97.7% for computer use and from 47.7% to 98.0% for videogame use. Most of the studies reported that less than half of the adolescents met the recommendations of sedentary behavior and TV viewing. On the other hand, more than half of them devoted less than two hours a day to computer and videogame use.
Resumo -Objetivou-se sintetizar estudos que estimaram a prevalência de comportamento sedentário (CS) em crianças e adolescentes. Revisão sistemática conduzida em oito base de dados (PubMed, Scopus, Web of Science, LILACS, SPORTDiscus, BIREME, Scielo, and Google Scholar). Os critérios utilizados foram: artigos originais; amostras incluindo crianças e adolescentes; levantamentos de base escolar e populacional; estudos observacionais usando diferentes medida do CS; estudos mostrando a prevalência de pelo menos um componente do CS. Dos 205 estudos incluídos, 104 foram analisados. Houve maior concentração de estudos nas regiões Sul (n=41) e Nordeste (n=18). Os componentes mais investigados foram assistência à TV (n=36) e tempo de tela (n=32). Somente três estudos incluíram dados de crianças com menos de sete anos, e a maioria investigou adolescentes de 10 a 19 anos. A maioria dos estudos usou questionários e apresentou variabilidade no ponto de corte utilizado (de 2 a 4 horas). A prevalência de adolescentes que atendiam às recomendações de CS (<2 horas/dia) variou de 9,4% a 68,0%. A prevalência de adolescentes que assistiam TV (<2 horas/dia) foi de 16,8% a 67,2%. Para o uso de computador, a prevalência variou de 39,1% a 97,7%; e de 47,7% a 98,0% para o videogame. Na maioria dos estudos menos da metade dos adolescentes atendeu às recomendações de CS e de tempo de TV. Por outro lado, mais da metade deles apresentou tempo inferior a duas horas por dia para o uso de computador e videogame.
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INTRODUCTION
Sedentary behavior is defined as any human activity that requires an expenditure of less than 1.5 METs to perform 1 and represents most of the activities that constitute the lifestyle of young people 2 . Excessive time in sedentary behavior has been associated with obesity 3 , increased blood pressure 4 , and lower cardiorespiratory fitness 5 . Guidelines have been created in order to reduce negative consequences for health, with recommendation of a maximum time of sedentary behavior of less than two hours to be permitted to children and adolescents, specifically directed at screen activities (e.g., TV viewing, playing videogames, using a computer) 4 . A study has shown that estimates of sedentary behavior in the young population have increased significantly around the world 6 . Another study involving 5,844 children from twelve countries observed that children spend an average of 8.6 hours in sedentary behavior, and 54.2% of them did not meet the recommendation 6 . According to a Brazilian survey, 60% of elementary school students reported watching TV for more than two hours a day 7 . Data from several European and North American countries have shown that 68% of girls and 66% of boys spend two or more hours a day watching TV 8 . Wide variability in the prevalence and changes of the investigated components was found in the aforementioned studies.
Exploring the prevalence of different components (screen time, TV viewing, sitting time) according to gender may help identify which indicators are more frequent in daily activities among children and adolescents 8 . Studying these questions helps and clarifies future directions of interventions and public policies aimed at reducing sedentary behavior among boys and girls 9 . Thus, the objective of the present investigation was to summarize studies that analyzed the prevalence of sedentary behavior in Brazilian children and adolescents up to 18 years of age.
METHODOLOGICAL PROCEDURES

Measured Outcome
In this review, sedentary behavior was characterized by an energy expenditure ≤1.5 metabolic equivalent, while in a sitting, reclining or lying posture 1 . Self-reported information (e.g. questionnaires about sedentary behavior, TV viewing; videogames and computer use; screen time; and sitting time) and objective measures were included.
Study Search Strategies
A systematic search was performed in the following databases: Medline (PubMed), Scopus, Web of Science (Web of Knowledge), LILACS (Literatura Latino-Americana em Ciências da Saúde), SPORTDiscus, BI-REME (Biblioteca Regional de Medicina), Scielo, and Google Scholar in February 2018. The search strategy included four groups of descriptors (see Supplementary file 1). The Boolean operator "AND" was used for combinations among descriptor groups. The truncation symbols ($, * or "") specific for each database were also used to increase the range of searches for the descriptor variations. Searches were conducted with the descriptors in English and Portuguese. The searches of the electronic databases were supplemented with a screening of the reference list of retrieved articles in order to find potentially relevant titles.
Selection process
The initial selection was based on the titles of manuscripts, and when there was uncertainty, on the abstract. After this step, articles were obtained in the full text version and subsequently analyzed according to established selection criteria, and the reference lists of the articles were evaluated. All of these steps were performed independently and conducted by two pairs of reviewers (PCS/AC and AB/LM), and a third pair of senior reviewers (KS/VB) helped when there were disagreements.
Selection criteria
To be eligible for inclusion in this systematic review, studies needed to be: (I) original research published in peer-reviewed journals (dissertations and monographs were not included because it was impractical to systematically search them); (II) samples including Brazilian children and adolescents aged 0-18 years (or a mean age within this range) or a sample comprising other age years (when data had been presented separately); (III) to be a school-or population-based survey with information about the methodological procedures of representation of the target population (e.g., random sampling); (IV) observational studies using different methods for sedentary behavior assessment (e.g., self-report, structured interviews, objectively measured sedentary behavior, and steps per day); and (V) studies showing the prevalence of at least one component of sedentary behavior (e.g., TV viewing, use of computer and videogames, and time in the sitting position).
Data extraction and Analysis
Data extraction was performed by four authors (PCS/AC and AB/LM), half of the references were read by each pair, and a third author (KS or VB) helped when the article did not report the information clearly. The prevalence of sedentary behavior was extracted always in a positive way according to the established cut-off point of each article. For instance, if the article established a cut-off point >2 hours/day of TV viewing, we extracted the prevalence of those who spent less than 2 hours in this behavior. In addition, articles from the same study were coupled in order to avoid duplication of information. Therefore, information from the same study but in different articles, such as cut-off point and strata, was reported in the review, making it clear that they were different articles from the same investigation.
The prevalence of meeting the sedentary behavior recommendations is presented for the sample as a whole and according to gender. The included articles were organized into tables according to the criteria used to identify the prevalence of sedentary behavior in alphabetical order considering the location of the studies. Additionally, data of its components (watching TV, videogame and computer use) were presented.
RESULTS
The results are summarized in the flowchart in Figure 1 . The initial search of eight databases located 1,490 potential articles. After removal of duplicate articles 1096 records remained. Next, titles and abstracts were read, 171 full papers were selected for further review, and 9 other studies were located in the reference lists of these articles. After reviewing the full content of the articles, 76 were excluded (see supplementary material 2) and 104 met the inclusion criteria.
The 104 original studies included were published from 2004 10 to 2018 11, 12 and an interval from 2001 to 2015 was observed for the year of data collection. When different articles were found to report results about the same investigation, the articles were grouped, for a total of 81 studies. There was a greater concentration of studies in the southern (n= 41) and northeastern (n= 18) regions, while few studies were carried out in the southeast (n= 12), north (n= 4), or central-west (n= 3), or involved a national scope (n= 3).
Regarding the components of sedentary behavior investigated, TV viewing (n= 36) and screen time (n= 32) were those more investigated in the articles included, followed by computer (n= 22) and videogame (n= 7) use. Few studies 11, [13] [14] [15] [16] [17] investigated other components of sedentary behavior such as indicators that did not involve screen time.
All samples were considered to be representative, ranging from 328 to 60,973 participants. Age range varied among studies. Younger children were less investigated, with only three studies including children under seven years. [18] [19] [20] The age range more investigated was 10 to 19 years. [11] [12] [13] Most of the studies used self-reported questionnaires, but less than half the studies reported information about instrument validity. 9, 14, 17, 18, [30] [31] [32] [33] 36, 42, [52] [53] [54] [59] [60] [61] [62] 65, [67] [68] [69] [70] [73] [74] [75] [77] [78] [79] [80] [81] 86, 93, 94, 97, [99] [100] [101] [102] [103] [104] [105] [106] Only three studies assessed sedentary behavior using accelerometers. 11, 15, 16 The cut-off point used in the studies varied considerably from 2 to 4 hours, although most studies used cut-off point of 2 hours of screen time: 20 studies 18, 20, 21, 27, [30] [31] [32] [33] 37, 38, 41, 46, 49, 52, 53, 55, 57, 59, 101, 107 ; for TV viewing: 21 studies 10, 19, 20, 25, 33, 51, 61, 65, 68, 69, 71, 73, 74, 76, 80, 83, 84, 87, 88, 94, 102 ; for computer use: 11 studies 11, 19, 20, 33, 51, 61, 65, 76, 83, 84, 87 ; and for videogame use: 4 studies 11, 20, 21, 87 , followed by cut-off point of 4 hours (screen time: 7 studies 11, 12, 43, 56, 58, 104, 108 ; TV viewing: 8 studies; 10, 11, 13, 58, 67, 70, 85, 93 computer use: 4 studies; 12, 13, 58, 85 videogame use: 1 study 12 ). Six studies 11, 18, 63, 66, 83, 99 investigated different categories of hours a day or week for components of the sedentary behavior. 12 Sousa and Silva 21 Lima and Silva 22 Nunes et al. 23 Gonçalves et al. 24 Castro et al. Self-reported; Previous week 22 Self-reported; n.a. 23, 25 Mielke et al.
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Schaefer et al. 26 Bergman et al. 27 Dumith et al. 28 Duquia et al. 44 Moraes et al. 45 Moraes Silva et al. 59 Silva et al. 104 Silva et al. 61 Silva et al. 62 Lopes et al. Wells et al. 88 Hallal et al. 89 Dumith et al. Silva et al. 59 Silva et al. 104 Silva et al. 61 Silva et al. 62 Lopes et al. Self-reported; Habitual week Accelerometer: non-dominant wrist for 4-7 days, for 24 h a day, including at least one weekend day Self-reported; n.a. 89 Lima et al. 12 Sousa and Silva 21 Castro et al. Silva et al. 59 Silva et al. 104 Silva et al. 61 Silva et al. 62 Lopes et al. Self-reported; n.a. 25 Silva et al. 33 Recife. PE (2011) School-based 961 (61.6) 14-19 Undefined Questionnaire; Self-reported; n.a.
Santos et al. In this review, the results were synthetized according to the components of the sedentary behavior used, considering a cut-off-point of 2 hours. In general, no specific trend was observed in the results, with 9.4% 116 to 68% 53 of adolescents, for example, meeting the recommended screen time of 2 hours/ day. In summary, most of the studies reported a prevalence of less than 50% of youths that met the recommendation. Considering sex, the prevalence was similar for boys (range: 4.4% 46 . For this component, most of the studies also reported a prevalence below 50% of subjects meeting the recommendation. Among girls, all studies showed a prevalence of less than 50% of adolescents who met the 
DISCUSSION
This systematic review included data from 105 studies involving representative samples of Brazilian children and adolescents. Most of the studies showed that less than half the participants met the recommendations of total screen and TV time; however, more than half the participants met the recommendations regarding computer or videogame use. Thus, the findings revealed: i) a higher concentration of studies in the southern and northeastern regions of Brazil; ii) few studies with children less than seven years of age; iii) the components more investigated were TV time and screen time; iv) there was higher methodological variability of the components assessed, measurement tools and cut-off points used to examine the sedentary behavior.
In the last ten years, the number of publications on this subject has increased and consequently also their quality, based on sophisticated instruments and statistical analyses 11, 16 . This scenario has also been observed in Brazil 117, 118 . The first Brazilian studies on sedentary behavior focused on TV viewing time 10, 95 , followed by studies analyzing other screen components such as computer 87 , videogames 12 , and sitting time 13 . Moreover, a considerable imbalance of published data was observed among the various Brazilian regions. Ramires et al. 118 suggested the need to implement research centers in the Center-West and North regions of the country with the objective of guaranteeing the dissemination of knowledge.
In the present review, there was wide variation in the proportion of young people who complied with the recommendation of less than two hours daily among studies (screen time: 9.4% to 68.0%; TV: 16.8% to 67.2%; computer: 39.1% to 97.7%; videogame: 47.7% to 98%). Part of this fluctuation can be explained by the use of different questionnaires (some of them not validated), as reported in a previous study 119 . Other methodological aspects have also been reported in another review 117 , including the variability among the components of sedentary behavior investigated and the cut-off points (e.g. ≤ 2 hours, 3 hours and ≤ 4 hours) used. These differences impair the examination of the trend of sedentary behavior over the years; as well as the comparison of estimated prevalence.
Specifically for screen time and TV, most of the studies that used a cut-off point of ≤ 2 hours a day (screen time: 17 of 20 studies; TV: 15 of 19) reported that less than half the boys and girls met the recommendations. Regarding screen time, the sum of the use of electronic devices may contribute to the failure to comply with recommendations. Perhaps the cut-off point for screen time should be different, considering that we have grouped a total time of use into screen activities. In contrast to computers and videogames, most Brazilian households have access to television, which may explain the lower variability in the proportion of TV viewing among studies 120 . In contrast, for computer and videogames, studies with a cut-off point of ≤ 2 hours a day (computer: 9 of 11 studies, videogame: 3 of 4) reported that more than 60% of adolescents comply with the recommendation. Despite the growing use of computers and videogames by adolescents 116 , these electronic devices are not yet accessible to most Brazilian households 120 . Another aspect that can contribute to the greater variability of these components in Brazilian data might be social and income inequality 43, 116, 121 . Considering the use of computer for boys and girls, five out of eight studies reported that more than half the boys met the recommendation, whereas for girls seven out of eight studies reported that more than half met the recommendation. For videogames, two out of three studies reported that more than half the boys complied with the recommendation, and for girls all studies (three) reported this result. Regarding computers, other studies also showed that boys spend more time using computers than girls 63, 122 , mostly with games 122 . Girls spent more time on social networking sites, listening to music, and online reading 123 Several factors can influence these differences between genders, such as the lack of social interaction and the violence present in the context of games, which may be related to less use by girls 124 . Several limitations of this review are difficulty in comparing studies due to the high heterogeneity of the components of sedentary behavior investigated, the instruments and cut-off points used (problems that could be avoided with the inclusion of more delimited criteria); absence of assessment of risk bias, and the choice to analyze only studies that used a cut-off point of less two hours (current recommendations), although all other studies were described in the tables.
In summary, less than half the children and adolescents met the recommendations of screen time and TV viewing, and most of them followed the recommendations regarding time spent using the computer or videogames. Only computer use differed between genders, with boys meeting recommendations less than girls.
We suggest that studies be conducted in the northern and centralwestern regions of Brazil to determine the reality of these populations, as well as studies with preschool children. In addition, we recommend standardizing and validating questionnaires and the use of cut-off points according to international guidelines. New components of sedentary behavior could also be investigated such as cell phones and tablets, as well as the type of subject consumed or activity chosen during the time in front of the screens. Finally, attention is drawn to the high prevalence of young people who do not meet the recommended use of screen time, and even exceed this time in a single component. 
SUPPLEMENTARY FILE
File 1
Descriptors used during the search in electronic databases for summarize studies examining the prevalence of sedentary behavior in Brazilian children and adolescents up to 18 years-old. SB: Sedentary Behavior. The Boolean operator "AND" was used for combinations among descriptor groups. The truncation symbols ($, * or "") specific to each database were also used to increase the range of searches for the descriptor variations. Searches were conducted with the descriptors in English and Portuguese, when required. The search of the electronic databases was supplemented by a screening of the reference list of retrieved articles in order to find potentially relevant titles and the personal library.
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